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Lhe transi of a submerged submanne subjects the ocean environment te many subtle changes. 
During the past several veare specialized in situ oceanographic intrumentation has been deugned 
to sense these physical, chemical, and béological modifications of the ocean. The comepe of inter- 
disuphnary research, aumed toward obtaining a broad spectrum of knowledge piror to hardware 
development, 1s conudered (he hey to future systema realy. Laboratory research results show the 
many facets of the problem and the general usefulness of the ocean as 4 ready-made comptes cauly 
changed by a tranatting submanne. The submarine-generated energy transfers, acnusic and hv- 
dradvnamn, are detectable by aniple optical instruments. The results af several field operations have 
demonurated the perfarmance of vurbedimetric and calonmetne sensors used for wake senung of 4 
submerged submarine dunng recent Held operavons in the Flanda Straits. Emphasis on aubmanne 
detection anc clash avon avdteme suggests utctul comparisons to conventional aousic ugnal pre 
cesung, where the orcan-envirvament noite for a given paraninter. wich as turbidity, 19 treated in 
terms of bandwidth. sapling dime. reendution, detectnn, falseslarm probabdity, and ugnal-urininse 
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INTRODUCTION 


Military oceanography is usually thought of 
as a supploimental science supporting the ASW 
toles of detection. localization, classiScation, and 
alah, Occanographi data are principally used 
to predat performance of acounic systems and 
establish tactical doctrine. [tis therefore logical 
ta study carefully the operating environment, 
when the watem used as sensitive to the environ: 
ment. It aio ts logeal io view the environment 
as bemyg sensitive ta the submarine, the object 
ot all ASW, 

This view pent is not new, and early researchers 
deviwd svuema based an phyucal changes to 
ihe eovironmeat induced by the submarine. 
These were MADD (magnetn anomaly detevtumn), 
USP (underwater clean potential), aad more 
tevently, mass transport. The latter system as- 
sumed 4 transport of warm water to the aspface, 
whore a remete itesred weran coutsl be used 
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for detection. Systems were successfully built 
and thermal wakes were detected, but the results 
otvained did not bear out the assumptions. Today, 
after more than two decades, we are still learning 
how the ocean environment is modified by the 
submarine, and intensive reseacch is continuing 
to explain the thermal wakes which are being 
observed. I is fortunate that this scientific chal- 
lenge resulted, for a coordinated interdia iplinary 
research effort is now reading the true complexity 
of the ocean and yielding basic knowledge on 
wheeh new ASW systems can be based and the 
performanme of old ones better cxpluned ive 


Bibligraphy). 


DETECTION CONSIDERATIONS 


Oceanoyraptne instruments, as a hase for sib. 
manne detection and classifianon, are dependem 
on a rediurthaton of seawater components oF 
changes ty the sea water itscll, caused ba arenes 
transfer from the submanmne tothe ocean meduin 
The map energy transter a uetally bye. 
dynamic. This effect manifests tisclf inthe nahi 
tent wake and mass clleete related to clenaits 
wrackents Sctuoles® has demonstated by che 
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romedeh the StewartHekman collapsing 
when a density gradient is present, and 
Uoospreadiaag wahout the gradient. Bath 
sees resultan a tedistnibution of sea components, 
trerthan cases, the effect of the generated wake 
teaches the surface, where itcan be detected by 
Be CATOMTAPHIC HIStrUmeEnts, 
The following equation shows the relation 
between surface tension, temperature, chlorinity, 
anda general term labeled “impurities.“* 


suathace Tension = 73.64 — 0.1440 + 0.0399 Cl —K 
where 


Lis temperature in degrees Centigrade 
Clis chlorinity 


K represents impurities. 


Surface tension is a prime factor ia submarine- 
induced) surtace cflects, and intensive research 
has heen conducted on surface films related to 
cajullary-wave damping and evaporation rates. 
It ty kaown that very small changes in surface 
tendon can greatly modify the surface as seen 
by an intrared ar high-resntution-radar sensor, 
hat litle attention has been devoted to the “ine 
puntcs” factor.t Since the particulate material 
mm the wa can he measured with relatively simple 
ana lughly seasinve turbidimetne instruments, 
NRIL research bas been conoentcated in this area. 
NRI. objectives are te obtain basic information 
ta how the submarine meadifies the dimnbutiin 
of particulate mutter and to use this Information 
to deagn wake-~tetection and submannechssilire- 
ter systeriea. 3 
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Hf tas assumed that the ocean is moditied bs 
the submarine and that thiy rodifcauon more. 
tained for a period of time, the ASW useluiness 
ol different: systems can be evaluated. This of 
course assumes that knowledge of system nose, 
ocean nowe, sagnal strength, and type of sensing 
pladoum is available. The “nowe™ of an ocean- 
ographic instrument is the time variahon of its 
output for a fixed input, and the ‘system none” 
is the time variation of its output as the actual 
oceanographic parameter is being measured in 
the ocean. This of course implies spatial and time 
factors which may be considered similar to sample 
sive and bandwidth in a conventional electrical 
systein. 


TRAIL DETECTION 


In order to illustrate some of the factors of 
oceanographic ASW syttems, one system based 
on the measurement of turbidity by continuous 
flow analysis of water received from a pa kup 
unit mounted on a ship plattorm is compared 
lo a passive acousiq system in Fig. 1. Similarities 
and differences are worthy of attentienn The 
acoustic system records where the submarine i 
and the oceanographic system determines where 
the submarine has been. The acoustic watem hes 
its sensor removed from the submarine, while 
the other system's sensar must be directly in the 
trail ata point where the “mentor” of the ocean 
is still cuffktent to give a usable signal-to-noise 
ratio. The signal procesing in bith systents «. 
similar, and the system output i sent te an 
operatorinterpreter oor auteunaric analyser, 
Search rates may also be compared. tno one 
cituation a point is interpreted with a search 
are, and in the other a trail is intercemed wah 
a search fine (big. 2). The usual point target 
win the second caw cxtended to a line which 
soa function of the trail persisteme. Surtace 
wars have been known to las many hours, bat 
littl to krown shout penuience of turbedlety 
changes. . 

A poswoble appheston of an oecanegrapln 
Hittriment detectian sytem is the eetablabmen 
of a burner tee ata submanne eres sane 
(Fry S$) 1 a tweobaoae trail semery se assumed! ten 


2 giten signal-to-neae cate and fabe-alarm cate, 
aunygte search sehu le would be required te cover 
line AB in Fig 3 every two hours This cosenave 
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requires an average search speed of 50 knots for 2 


ungle plaiform, and fractions thereol for multiple © 


vebecle search. 


ENVIRONMENTAL EFFECTS 


bigure 4 olhestrates, imi general terme. the 


cemptoity ad the oeean eusmonment and the 
multitude of changes whih coukl accur by the 
wieusiea of asubmarnine. Phe principal protlens 
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Fig. 3 - Application of trail detectaon to a 
barner erat pairern 


one encounters when sudying the ocean for 
changes is to determine how to make measure- 
ments without disturbing the environment 
Danng the paw several years techaiques have 
been developed whih mune or chininate 
such disturbanwes. Some of these use 
controlled, airalropped, and timedelay sunplers 
and sakeraft: and V-tirtowed pre kap 
desees and mewuruy oosteuments Oreane 
graphu data have heen ohained dering fret 
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Fig 4 = Methods of detecting the modifications of the sea eanironment 
caused by the transt of a rubmanne. The curves suggee the daturbances 
wa the undersea eneronment related to the pasaaate of a submaruie. 
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MEASURED PamaMe TER 


operanons with submarines in the Block Island, 
Key West, and Bermuda operating areas, and 
lwatly in the Chesapeake Bay using a small 
tubmarmne, the SSX" Furtedimetnc, colorumetra, 
and Beemeten data were obtained in amtwent 
and wake waters by analyens of water samptee 
and by im atu measurements. Figure $ cummanzes 
wwe af the salient data. The confide bevels 
thown give the probabdity that the camples are 
from different water populstiona (ambient and 
wade! and should not be confused with detection 
probatakty The later may be cakculatied [rem 
angle sample prohatalires, tample are, and 
talse-alarm cntena ina manner ued for acouste 
avaterre 
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Figure 6 shows an interesting correlanon be- 
tween weather data and sen results observer 
during NRE. teste in the Key Wert operating area 
(Apnl 1964). The best results wem to aecur 
when the sea surface is wont disturbed: Sinutar 
results have been repariod by others wang the 
infrared (Clinker) sensor. The overall obprctves 
of this te senes are shown in the following bu 
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To studs occanenveonment changes in oni 
wurfare waters cauwed by transit al a sebmer geal 
submarine usu 
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Fig 6 - Casrelation between wind speed and turbidimetne daze. Apert 
1Q84, Key Weu tiekt analy, The fetter N madizaies nanntime. The turbed:- 
Metre data (eght-hand conrdinate) are preepnted aa the difference betecen 
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@ Contnuous-flow low-range HACH turhidimeter 

@ Collated samples in antbient and disaurbed 
water, Measured in laboratory 

@ Membrane filters made foam cantinuous flow 
ww ainlwent and wake water 

@ High-ntensity qatsedd fight carckeimeter 

@ Meawured changes im depih prodles 

@ Measured aout cllects 


SEA-WATER SAMPLING 


The NREL anaives of distributed sca-water 
cmpenents has alae been extended to particulate 
tarterhydrate, and te soluble and particulate 
won. Wiken® hay olkerned submanneanduced 
changes by anaivas of wartae amples taken 
from amfuent water and water from the trail 
of a submerged submarine. he high senutiviy 
of presen snalvtcal methods makes at mandatory 
Hat the ampling methods ar mnaruments do an 
indice contaminants. Nansen bottles are ne 
anger adequate for ASW meanngraphy. All 
pasta ound inert matertal samplers are respured. 
bark work mob raha samplers ue wheel the 
only metal port woe a anall wairtess deel How 
valve stuwed ao high cuntammation of terre 
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hydroxide, which has pigment color umilar 
to some natural prgiments. 

During the recent cruise of the PILLSBURY, 
the Miami Institute ef Marine Sctences neweat 
research vessel, f new noncontaminating samplers 
were used: the aceanographic community hnally 
realizes the importance of intreduced contamina: 
tion. $t is alae interesting to note that the PLES. 
BURY research inducted measurements an tlie 
diambution of organ and trace compunents. 

Aa titrament which meaures a single on cane 
graphic parameter may be muftiient te amnsure 
a high detection pretsatalits. NRE. water carping 
has been primarily confined to the surface and 
hear surface, because of Vefin ted hautations 
and a greater interes in surface eflects. However. 
improved cochniques and a new concept using 
lar profiling may permit highertraldtetecteon 
specits down to submanine depih. 

More sophiumwated wetens ell prohabl re: 
quire multiple sensors which can measure simul: 
taneously turbidity. jagmonts, cor surface 
tensuin, ete. arel determine detection probabsliey 
Ba ceonagester tec teneeqites Ft oe ade ashen vist 
tore eanagrapha date are needed trom areas 
of rates interest. Ore attemp a toward this 
tdyetive ts being mate at chis tae daang the 
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Sotoaa@y  praties are bemg obtained in’ the 
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Sche tian Seas 

NRLoohas made some measurements on the 
redistiibanen of marine bacteria caused by a 
tramiting submarine. he Russian investigators 
Kriss, Eebedesa, and Mitzkevicht have utilized 
bactetia ats indicators of fydrological phenomena 
while studving the Indian Ocean waters between 
Atricaand the Antarctic and between the Antarctic 
and Asia (Fig. 7). NRL has made measurements 
using, bacteria us indicators of the water redistribu- 
von by a submarine in the Bermuda area and 
locally in Chesapeake Bay, where distinct changes 
in vertical distribution were observed. The 
technique used was similar to that of the Russians. 
The water samples were filtered through mem- 
brane filters upon which the bacteria were cultured 
and counted. This method is, of course, not 
practical operationally, but new techniques 
using particle-size-distribution analyzers and 
particle selection: may eventually make such a 
ssheme useful. The explanation for the stratifica- 
tion of bacteria has been presented by Sisler and 
Senttle.t Thes theorize that bacteria, when moving 
nab ocean Current, are carried down to a given 
depth by electromotive forces, as charge carries 
ina magnetic field. 

Another class of indicaters has its origin in the 
submarine. The submarine, which is: dissolving 
at‘a minute rate, leaves certain metallic ions in 
its trail, Attempts have been made to detect sine 
and copper rons by Hudson Laberatories.§ Using 
sensitive flame-dbsorption spectroscopy, they have 
successfully, detected these ions in the trails al 
suttace ships and surfaced submarines, 

Ino the HACHE torbidimeter system) (rig. 8). 
the water picked up by che Vefin is delwered to 
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Fig, 7 - Vertkal distribution of heterotrophs inthe Endian 
Ocean between 80° and 70°, in number of hactera per 
mi valume of water (Kriss, Lebedeva, and Makevichs 
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the measuring Chamber, where a part of photocelly 
contimially senses the scattered fight. Che elec- 
awa stgnal iw amplifted and disphived on aa 
Feterhne Angus recorder. One mode of operation 
nw direct readout: ancther mode auhzes a badge 
aicuit aad presents the ouput above a given 
threshold level. Che latter system ois for weak- 
syrnal detection. A sample chart record ts shown 
in Fig. &. Dh tecard was obtaned during Chesa- 
peake Bav tests with the SSX-1. The water was 
exceptionally, clear during these tests, with a 
turbidity of about 1.5 ppm relative to. silicon 
dioxide. Profile sampling showed a uniform dis- 
tribution down to submarine depth, as measured 
by a Helge turhidimeter. A very small change 
in turbiditw of about 0.05 ppm was caused by 
the passage at the submarine directly under the 
measuning platorm. At other umes in the Bay, 
turbidities of [5 ppm have been observed, and 
changes of several parts per million have oc. 
curred in the wake. 


SIGNAL-PROCESSING 
TECHNIQUES AVAILABLE 


Chart data, which have been reduced to punch- 
cd tape for camputer processing, will permit 
the signal processing necessary fer the low 
sitnal-te-noie ratios often likely, As in acoustic 


processing, sensitivity. of the senor is not the . 


prablem: seem and gimbient noise are the (actors 
that fimat detection capability. With the computer 
tapes. the time and space noise factory can be 
dletermined, as well as rane plus sygnal staustics; 
then by keawing the a stem bandwith and sample 
atee detection and: false-alucin probability can be 
comipated, 

Some usctal compartons can be made between 
the parameters of a flow sestem and conventional 
scta-processtage parameters. Eo Pug. EO, a canes 
parsons made bemween efoureal time coavant 
and dunk<learame ume constant. Ino addition 
toute statem debi af dwo namtates (time for water 
toteah the tank fromthe Vf for the FACE, 
there toa cleatanee tine ob $5 mainates fora 
de value. byguie Hi relates the ume in wake to 
ship speed ad teach fength. Together, thew 
pacmeters detectime the sestem: tesolusen or 
conan of detecting a wake of given dimensions. 
Hy genesal a favteenoveng polation reequites 
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a fat deatance tine. Tb individual parnces ac 
considered as information bits. samplinglie ois 
criteria must also be satisfied. Uhis cemaditien 
would oc.ur ima system deugned to detect a 
characteristic particle such as a copper ton. 

The impertance of sample sve is shown in 
Fig. 12. These data, obtained with an carly model 
turbidimecer, iliustrate the improvement yained 
by increased wake-sampling nc 

An idzal classifier takes advantage of the 
unique and exclusive properties of the submarine, 
such as the ability to cause a magnetic anomaly, 
the emission of man-made noise, and characteristic 
size and shape. The latter charactenstic is probubls 
the simplest to utilize, but generally it requires 
the use of a short-range high-resolution sensor. 
It appears that trail detection may require 4 
localization capability (saghooas the LORELT 
technique), if classification is considered. Phe 
analvsis of the trail up to the point of oryan may 
well indicate features exclusive to the pressure 
of a submarine, when the energy transter related 
to the submarine is considered. In addition to 
the hydrodynamic effects, NRE has explored 
the modifications to sea-water watems bv low 
level acoustic energy approxnuaating the level 
directly above a slow-speed, shallow submarine *t 
Laboratory research using small tanks hay showa 
changes in surface temion, degasung at low- 
solubility gases, and the solution of a soluble 
yas, GOs At the interface, souad energy stabilizes 
the thermal structure by molecular ding. Ebere 
is alse some evidence of partile agglomerate 
and aggregate formation resulung tren the 
irrachation af membrane-Altered sea water, 


CONCLUSIONS 


A [2<hannel particte-sice distribution analy cer 
has recently been procuredt forthe NRE researeh 
program. With this the peditribatien at partie 
vate material Caused by a tratsring submarine 
Gin be quantified, and thereby ua improved 
turtaciinetra seven can be desyred 
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oh rehited to ASW will require 


Hee ose at mere sophisucated instruments® and 
menaed. the accumulation of data in. strategic 
weas concerning horizontal and vertical distribu- 
sens of the sea components. The integration 
ol oceanographic instruments must te integrated 
iste a trat-detection system and the performance 
of these systems must be evaluated using sub- 
manne targets tn areas of interest. ‘lhe results 
mast be correlated with meteorological and hydro- 


*The use of a wophive ated instrument such as the Couker Counter 
parte le-ae-dis iburon analy ret has cuggeved a more base approach 
to revetheraton theory Uung the parte te data wah Raviegh « attering 
theory reverberateindes computations mas reseal heretofore un 
suspented Laton in volume reserbet ations Rewarch i continuing to 
wlentity the parce tes and then relations te the overall acean comptes 
{tvalwo suggested that accmisa weterns mas be ueetul to sone envinna- 
mental changes ty placing emphane oo reverbersteon analven, 
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logical data ino order to establish preditians 1 
ta waen such systems can be used to an ads aime, 
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